A previous Task Force of the European Society of Cardiology (ESC) and European Association of Percutaneous Cardiovascular Interventions (EAPCI) provided a report on recommendations for the non-clinical and clinical evaluation of coronary stents. Following dialogue with the European Commission, the Task Force was asked to prepare an additional report on the class of devices known as bioresorbable scaffolds (BRS). Five BRS have CE-mark approval for use in Europe. Only one device-the Absorb bioresorbable vascular scaffold-has published randomized clinical trial data and this data show inferior outcomes to conventional drug-eluting stents (DES) at 2-3 years. For this reason, at present BRS should not be preferred to conventional DES in clinical practice. The Task Force recommends that new BRS devices should undergo systematic non-clinical testing according to standardized criteria prior to evaluation in clinical studies. A clinical evaluation plan should include data from a medium sized, randomized trial against DES powered for a surrogate end point of clinical efficacy. Manufacturers of successful devices receive CEmark approval for use and must have an approved plan for a large-scale randomized clinical trial with planned long-term follow-up.
Background
The European Union (EU) medical device advisory document on the evaluation of coronary stents (MEDDEV 2.7. 1 ., Appendix 1) provides guidance, which aims to ensure uniform application of evaluation standards across Europe. At the request of the Clinical Investigation and Evaluation (CIE) Working Group of the Medical Device Experts Group (MDEG, standing committee) of the European Commission, a Task Force the European Society of Cardiology (ESC) and European Association of Percutaneous Cardiovascular Interventions (EAPCI) provided a report containing recommendations for a revision of this document in 2014 .
The ESC-EAPCI Task Force presented its report to the European Commission in July 2014 and an executive summary of this report
Introduction and nomenclature
Bioresorbable scaffolds are also known as bioresorbable stents or fully bioresorbable stents though use of the term BRS is now more widespread and will be preferred in this report. These devices provide temporary mechanical scaffolding in the initial months and years after implantation and subsequently undergo bioresorption. Bioresorbable scaffolds may be classified according to composition of the backbone as either polymeric (pBRS, comprised of polylactic acid or related compounds) or metallic (mBRS, comprised of magnesium alloy). Bioresorbable scaffolds that are drug eluting also include a drug-polymer matrix coating typically consisting of a biodegradable polymer matrix and an antiproliferative drug. The bioresorption process of BRS is often initiated by hydrolysis and results in complete degradation of the backbone skeleton into carbon dioxide and water, amorphous calcium phosphate, and other degradation products depending on the specific platform.
In general terms, bioabsorption is used to reflect the disappearance of the compound of interest and transformation into another substance, 2 whereas bioresorption indicates the total elimination of the compound by dissolution, assimilation, and excretion. 3, 4 Degradation is used in the case of unknown or ex vivo mechanisms, whereas biodegradation refers to a cell-mediated in vivo mechanism. 3 Structural fragmentation, disintegration, or dismantling are used to describe physical degradation of polymeric device without systematic breakdown of constituting macromolecules.
Clinical context and potential benefits
Current generation drug-eluting stents (DES) are a mature technology and the benchmark for new technologies such as BRS.
Patients treated with DES demonstrate excellent clinical outcomes at 1 year in both randomized clinical trials and large-scale clinical registries. 1, 5, 6 Moreover, although some attrition of performance is observed with clinical follow-up out to 3-5 years, 7, 8 the attrition rates beyond 5 years may be lower, 9 and the overall medium-term efficacy of this technology is high. In many respects, although unmet need can be said to exist with regard to late adverse events after conventional DES implantation, the overall prognosis of stented patients is good and continues to be determined in large part by events resulting from generalized progression of atherosclerotic disease. 10 For this reason, the incremental benefit of any new technology should be tangible and clear before it is preferred to DES in routine clinical practice. A rationale exists for the development of BRS technology and all other things being equal a scaffold that disappears after its useful function in preventing recoil and constrictive remodelling is served is likely to be preferable to a conventional stent. Indeed it is hypothesized that BRS might address late stent failure and potentially eliminate the risk of late adverse stent-related events. In addition, restoration of physiological vasomotion within the treated coronary segment is a potential benefit. This was documented using physiological testing during angiographic surveillance procedures after BRS implantation. 11, 12 However, the ABSORB II trial failed to show improvements in vasomotion within the stented segment with the Absorb pBRS as compared to metallic everolimus-eluting stents (EES) at 3 years. 13 Other inadequacies of conventional DES that may be addressed by BRS include facilitation of non-invasive surveillance imaging with computed tomography and anastomosis of bypass grafts to treated segments should the need arise, as well as removal of the consequences of permanent jailing of side branches.
Currently approved bioresorbable scaffolds devices in Europe
An overview of BRS that have received CE mark approval for use in Europe is shown in Table 1 . Four polymeric and one metallic BRS have received CE approval as of April 2017: the Absorb bioresorbable vascular scaffold 1.1 (Abbott Vascular, Santa Clara, CA, USA), the DESolve scaffold (Elixir Medical, Sunnyvale, California), the Arterial Remodelling Technologies (ART) pBRS, the Fantom scaffold (Reva Medical, San Diego, CA, USA) as well as the mBRS Magmaris (Biotronik, Berlin, Germany). The Absorb pBRS is also approved for use in the USA and Japan. Key features of the CE mark-approved devices are summarized in Table 1 and principal degradation characteristics of the devices are shown in Figure 1 .
Clinical outcomes with CEapproved bioresorbable scaffolds
Absorb bioresorbable scaffold
The everolimus-eluting Absorb pBRS received CE mark approval for use in January 2011. It is the only device in this class with clinical outcome data from randomized clinical trials and to have reached limited use in clinical practice to date. Seven randomized clinical trials have investigated outcomes in studies with and without protocol mandated imaging follow-up to date ( Table 2) . [13] [14] [15] [16] [17] [18] [19] The main clinical outcomes of each of the randomized clinical trials at the time point of latest follow-up are detailed in Table 3 .
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The two largest trials were ABSORB-III and AIDA. Enrolling 2008 patients, the ABSORB III trial is the largest randomized trial reported to date. 17 Patients were randomly assigned in a 2:1 ratio (active treatment vs. control) after predilatation of the target lesion. 4 .6%; P = 0.18) and definite/probable stent/scaffold thrombosis at 1 year were numerically higher with BRS (1.5% vs. 0.7%, P = 0.13). Results of 2-year follow-up have recently been presented showing a higher rate of TLF (11.0% vs. 7 .9%, P = 0.03) and target vessel MI (7.3% vs. 4 .9%, P = 0.04) with BRS vs. EES as well as a numerically higher rate of stent/scaffold thrombosis with BRS (1.9% vs. 0.8%). 24 The AIDA investigator-initiated trial enrolled patients undergoing intervention in routine practice including patients with acute coronary syndromes. 19 The trial intended to test non-inferiority of BRS vs. EES at 2 years. However, during follow-up and after full enrolment the data and safety monitoring board of the trial recommended early reporting due to safety concerns. At the time of reporting, the median duration of follow-up was 707 days. The primary end pointa composite of cardiac death, target vessel MI, or target vessel revascularization-was similar in both groups [11.7% vs. 10 .7%, hazard ratio 1.12 (0.85-1.48), P = 0.43]. Definite/probable stent/scaffold thrombosis was significantly higher in the BRS treatment group (3.5% vs. 0.9%, P < 0.001). Meta-analysis of the first six trials with reported follow-up at 1 year shows rates of target lesion revascularization (TLR) with ABSORB BRS that are comparable to metallic EES but a two-fold increase in the risk of stent/scaffold thrombosis (see Figure 2) . 25 A pooled analysis of individual patient data from the four industry-sponsored studies showed broadly concordant findings. 26 Most of this increased risk occurred inside the first 30 days suggesting an association with the procedural outcomes. In this respect, analysis from two registries suggests that modification of implantation technique might lead to improved clinical outcomes. 27, 28 A meta-analysis of all seven randomised trials reporting long-term follow-up with a minimum 2-year clinical follow-up was recently 
. 29 A total of 5583 included patients received BRS (n = 3261) or EES (n = 2322). Weighted median follow-up was 26.6 Importantly, it should be noted that despite the implantation of significant numbers of devices worldwide in the years since approvalestimated to be of the order of >200 000 devices-only a small proportion of patients have been entered into registries with reports that have been published in the peer-reviewed literature. Recent data from long-term follow-up of randomized trials provided evidence regarding a possible excess of very late stent/scaffold thrombosis with Absorb pBRS in comparison with conventional stents. 20, [26] [27] [28] [29] [30] [31] 29 Three main factors are hypothesized to be involved in late/very late scaffold thrombosis: (i) alteration in laminar flow as a consequence of loss of integrity of the scaffold backbone; this may lead to prolapse of part of the scaffold into the vessel lumen; (ii) thrombogenicity of the breakdown products and/or the extracellular matrix replacing the strut void; and (iii) effects of inflammation at a tissue level due to breakdown/ resorption of the scaffold at a time when protection is now longer provided by drug elution from the scaffold backbone. [34] [35] [36] While in acute and subacute scaffold thrombosis cases, strut malapposition, incomplete lesion coverage and under-deployment were the most frequently observed imaging findings in late and very late scaffold thrombosis cases, malapposition, late discontinuity and peri-strut low intensity area were frequently observed at the time of event. 36 Among these imaging findings, late discontinuities are specifically related to the BRS technology.
DESolve bioresorbable scaffold
The novolimus-eluting DESolve pBRS received CE mark approval in May 2014. The single arm DESolve Nx trial enrolled 126 patients treated with 150 lm thickness pBRS. At 2 years major adverse cardiac events were observed in 7.4%. 37 No randomized clinical trial data are available to date. A single comparative analysis between the DESolve BRS and the Absorb BRS is available using a propensity-score matching model. 38 The main finding was that outcomes at 1 year were similar between the two devices: the 1-year rates of TLF (4.7 vs. 4 .5%; P = 0.851), TLR (2.6 vs. 3 .5%; P = 0.768), cardiac death (1.5 vs. 2.0%; P = 0.752), and definite stent/scaffold thrombosis (2.0 vs. 1.0%; P = 0.529) did not differ significantly between Absorb BRS and DESolve BRS. 
Magmaris bioresorbable magnesium scaffold
The Magmaris drug-eluting mBRS received CE mark approval in June 2016. Clinical data are limited to results from the BIOSOLVE-II study, a single arm study enrolling 123 patients. 39, 40 Overall rates of clinical events at 12 months were low: TLF was observed in 3.4%, 95% CI: 0.9-8. 4 . No randomized clinical trial data are available to date.
ART bioresorbable scaffold
This is a non-drug eluting pBRS. There are no published clinical outcome data with this device.
Fantom bioresorbable scaffold
This is a drug-eluting pBRS with a radio-opaque platform (in contradistinction to the other approved scaffolds). There are no published clinical outcome data with this device.
Angiographic outcomes with CE-approved bioresorbable scaffolds
Absorb bioresorbable scaffold A number of randomized trials compared outcomes of patients treated with Absorb BRS with conventional metallic DES, and incorporated protocol-mandated angiographic follow-up.
• In the ABSORB China trial, the primary end point of in-segment late loss at 1 year was 0.19 ± 0.38mm for BRS vs. 0.13 ± 0.38mm for EES (one-sided 97.5% upper confidence limit of the difference = 0.14 mm, P noninferiority = 0.01). 16 • In ABSORB-Japan in-segment late loss at 13 months was 0.13 ± 0.30mm with BRS and 0.12 ± 0.32mm with EES (upper onesided 95 confidence limit of the difference = 0.07); P noninferiority < 0.0001).
15,34
• Data from the EVERBIO-II trial showed that in-stent late loss at 9 months was similar between patients treated with BRS (0.28 ± 0.39 mm) and with EES/biolimus A9-eluting stent (0.25 ± 0.36 mm, P = 0.30). 14 • In the TROFI II trial in-stent late loss at 6 months favoured conventional stents (Absorb BRS: 0.17 ± 0.24mm vs. EES: 0.08 ± 0.28mm, P = 0.024).
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• In the ABSORB II trial, the 3-year co-primary end points were vasomotor reactivity (powered for superiority) and late lumen loss (powered for non-inferiority Meta-analysis of the four trials with angiographic surveillance scheduled in the time window that is usual for the assessment of conventional metallic DES shows that both in-device and in-segment late loss are significantly higher for the Absorb BRS compared with metallic EES. 25 In terms of registry data from routine practice with angiographic follow-up, device performance was broadly in line with clinical trial data with respect to angiographic antirestenotic efficacy. The ISAR-ABSORB registry showed a mean in-stent late loss of 0.26 ± 0.51 in 286 patients undergoing surveillance angiography at a median of 196 days after stenting. 33 . 
DESolve bioresorbable scaffold
In the DESolve Nx trial at 6-month angiographic follow-up, the novolimus-eluting bioresorbable DESolve scaffold showed in-stent late lumen loss of 0.20 ± 0.32 mm. 37 
Magmaris bioresorbable scaffold
In the BIOSOLVE-II trial, mean late lumen loss at follow-up with the drug-eluting Magmaris mBRS was somewhat higher than is seen with conventional metallic DES and remained stable between 6 and 12 months: in-segment late lumen loss 0. 20 Other scaffolds
Published angiographic surveillance data are not available with the ART and Fantom scaffolds.
Recommendations for dual antiplatelet therapy in patients treated with bioresorbable scaffolds
Treatment with dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor after BRS implantation is mandatory to mitigate the risk of scaffold thrombosis. Yet, the optimal duration of such DAPT treatment is unknown. The ESC clinical practice guidelines on myocardial revascularization recommend DAPT for a minimum of 6 months after new generation metallic DES implantation, but no specific recommendations are made for BRS. 41 In considering DAPT regime after BRS a number of aspects have to be considered. Thicker and wider BRS stent struts might confer a higher risk of stent thrombosis in comparison to thinstrut conventional DES. Moreover, thicker stent struts may take longer to completely endothelialize. Importantly, due to concerns regarding scaffold thrombosis late in the course of scaffold degradation at 2-3 years, it is conceivable that the duration of DAPT treatment may need to be prolonged to the time of BRS bioresorption.
At 3-year follow-up of the ABSORB II trial, nine patients presented with scaffold thrombosis; six of these cases (78%) presented with late or very late scaffold thrombosis. 13 In all of them, scaffold thrombosis had occurred after discontinuation of DAPT, in most cases after a long period of antiplatelet monotherapy: in eight patients (87%) scaffold thrombosis occurred more than 100 days after DAPT was discontinued. Of note, there were no cases of late/very late scaffold thrombosis in the 63 patients in the scaffold arm in whom DAPT was maintained without interruption for 3 years. In a meta-analysis examining late outcomes of patients treated with pBRS, of 12 patients presenting with very late scaffold thrombosis only 1 patient was on DAPT. 42 In addition, a recent report of data pooled from three registries suggested that in patients event-free at 6 months, the incidence of scaffold thrombosis was low while on DAPT but higher when DAPT was terminated before 18 months. Overall, available data suggest that current BRS may require prolonged DAPT to mitigate the risk of late and very late scaffold thrombosis. It is unknown whether use of more potent P2Y12 inhibitors, such as ticagrelor or prasugrel, may have a more protective effect against scaffold thrombosis than DAPT with clopidogrel. As prolonged DAPT confers a higher risk of bleeding events, prolonged DAPT duration will impact net clinical benefit.
Patients who cannot tolerate or are unlikely to be compliant with extended duration DAPT are not candidates for BRS treatment. Patients with an indication for oral anticoagulation are not candidates for BRS at this point in time.
In patients who have already been treated with BRS, there are two scenarios to be considered. In patients who remain on DAPT without clinical events, it is recommended to continue DAPT for the duration of bioresorption expected on the basis of existing non-clinical and clinical studies (e.g. at least 36 months in case of the Absorb pBRS). In patients who have discontinued DAPT prior to this time point, a decision to re-initiate DAPT should be made on a case-by-case basis after evaluation of the thrombotic and bleeding risks.
Recommendations for use of bioresorbable scaffolds in clinical studies
There are sufficient clinical data to inform recommendations of this Task Force only about the everolimus-eluting Absorb pBRS. For the other devices, there are insufficient data to inform recommendations. These scaffolds may be used according to ongoing clinical investigations and their outcomes. Of note, data regarding cost-effectiveness do not exist and may differ widely according to each local health care system and reimbursement scheme.
Current data from randomized trials and meta-analyses compare the everolimus-eluting Absorb pBRS with the metallic EES in patients with predominantly stable coronary artery disease, and with simple to moderately complex lesion characteristics. They suggest similar clinical efficacy at one year, as it relates to the risk of TLR and to the device-oriented composite outcome TLF. However, the risks of target-vessel MI and definite or probable stent/scaffold thrombosis are increased in patients treated with the Absorb BRS. Moreover, late outcomes out to 2-3 years suggest an excess of very late stent/ scaffold thrombosis, target vessel MI, and TLF, with BRS vs. metallic EES. Current evidence suggests no late advantage in terms of clinical efficacy including relief of angina pectoris. Thus the Task Force has the following recommendations for the clinical use of BRS as an alternative to conventional metallic DES:
General recommendations for clinical use of approved devices
• As long as concerns regarding long-term clinical safety (i.e. MI, stent/scaffold thrombosis) have not been dispelled by on-going clinical trials or prospective, monitored registries, BRS should not be preferred to current generation metallic DES for clinical use in daily practice.
• On-going trials should be closely monitored for adverse events and data should be made available at regular intervals in the public domain, irrespective of the initial analysis plan.
• It is not recommended to use BRS in patients who cannot tolerate or are unlikely to be compliant with extended duration DAPT or who require oral anticoagulants. 
Procedural recommendations for use of approved devices
Although implantation technique has progressively evolved with time, at present there is no evidence from prospectively conducted trials that specific procedural techniques can impact on clinical outcomes. Accordingly, the following recommendations are based on the opinion of the Task Force members.
i. Lesion assessment BRS require careful lesion assessment, to determine the need and extent of lesion preparation, as well as to select the appropriate size and length of the device. The use of pre-and post-procedural intracoronary imaging (Intravascular ultrasound, optical coherence tomography), as well as online quantitative coronary angiography, is encouraged to optimize device implantation. The use of BRS in heavily calcified vessels is strongly discouraged. Bioresorbable scaffolds should be avoided in stenoses with reference diameter smaller than 2.5 mm and in ostial lesions.
ii. Device implantation Consistent observations point to the differences in mechanical properties of BRS compared with metallic DES. This mandates meticulous assessment and preparation of the lesion, and also frequent use of pre-and post-dilatation. As a result, procedure duration and contrast use are increased. Moreover, acute performance, as assessed by acute gain and percent diameter stenosis are inferior for BRS as compared with metallic DES. As a result, it is recommended that BRS are implanted by appropriately trained operators with specific experience in the implantation of these devices.
iii. Pre-dilation
It is recommended to systematically predilate lesions with noncompliant balloons, aiming at a balloon diameter corresponding to the estimated reference vessel diameter.
• Complete balloon expansion should be ensured, in orthogonal angiographic projections.
• In case of incomplete balloon expansion during pre-dilation, use of plaque modification techniques (cutting/scoring balloon, rotational atherectomy) should be considered prior to BRS insertion. • It is recommended to refrain from BRS implantation in cases where balloon expansion remains incomplete despite plaque modification techniques.
iv. Implantation technique in case of overlapping scaffolds Implantation technique. If more than one device needs to be implanted due to lesion length, incomplete lesion coverage or edge dissections, additional devices may be implanted by carefully avoiding excessive stent overlap. An abutting technique (device-to-device) should be preferred in patients needing more than one stent.
v. Post-dilatation
High-pressure (>16 bar) post-dilatation using non-compliant balloons should be done routinely, with nominal balloon diameter not exceeding 0.5 mm above the nominal diameter of the device.
vi. Device failure
In cases of scaffold thrombosis, it is recommended that intravascular imaging be performed, preferably with OCT, after restoration of normal vessel flow. This may provide insight into the mechanisms underlying the scaffold thrombosis and potentially guide therapy. In most cases, implantation of a conventional DES will be the preferred strategy.
Recommendations for non-clinical evaluation of bioresorbable scaffolds Non-clinical testing
The Task Force recommends that bench testing of the biodegradable scaffold backbone should include two components: (i) characterization of the finished product and (ii) mechanical testing.
Mechanical testing should be performed under environmental conditions that mimic physiological ones, to capture the effect of degradation on mechanical integrity over time. The duration of the accelerated fatigue testing should be determined through time of complete tissue coverage as determined by in vivo or in vitro degradation studies. Particulates testing should be performed through time of significant mass loss of the polymer.
Biocompatibility testing should be performed as recommended in the ISO standard 'Use of International Standard ISO-10993, Biological Evaluation of Medical Devices Part 1: Evaluation and Testing'. However, there may be a need to alter some of the standard tests (e.g. extraction conditions, exposure times). It is also recommended that biocompatibility testing should be performed separately on degradation products.
In vivo testing
To date, the preferable animal model for the assessment of coronary stents has been the domestic crossbred or miniature swine model or the rabbit iliac artery model. 44 In some situations, the sheep model may also be used. As a general rule, preclinical testing should be performed within the intended vascular territory, although there may be instances in which a switch to a different vascular location may provide valuable information about the biological behaviour of stents owing to the differential reaction to vascular injury among species and vascular territories. The ideal control should consist of a currently accepted standard of care in the specific indication for which the test product will be used clinically. Standard measurements during histopathological assessment have been described previously. 44 For the evaluation of BRS, it is important to emphasize luminal dimensions during degradation. Acute and chronic inflammation should be judged on the basis of acute and chronic inflammatory cells. Special efforts should be made to characterize the change in tissue composition during biodegradation by histopathology, focussing on both the extent and the nature of neointimal tissue especially at the remnant sites of stent struts. Correlation with intravascular imaging may be helpful in understanding changes in tissue composition. Intravascular ultrasound and optical coherence tomography are important tools in the assessment of coronary stents. Intravascular imaging is strongly recommended in a subset of animals in studies of BRS, in order that stent degradation and physiological vessel dimensions can be evaluated over time. 45, 46 Measurements should be adjusted using reference area, to compensate for growth during the study. 47, 48 Regarding duration of follow-up, we recommend it should capture all relevant biological processes pertaining to stent safety. If biodegradation of stents or stent components takes 1 year, evaluation at time points beyond 1 year is necessary to appropriately assess device safety. The addition of a late time point after bioresorption is complete may be needed to document patency of the vessel, extent of neointimal growth, and presence or absence of inflammation. Arterial drug release can be examined by direct chemical determination or by use of radioactively labelled agents. Drug concentrations in blood and major organs must also be determined, including myocardium downstream in the territory of the target artery. 
ESC-EAPCI Task Force on bioresorbable scaffolds
Degradation products need to be clearly defined with respect to their physicochemical structure and in vivo biological behaviour. With regards to the evaluation of polymeric components, gel permeation chromatography is a suitable analytical method to assess molecular weight and polydispersity index. For the assessment of mBRS, other technologies may be applied to examine degradation products appropriately, such as chemical analysis, micro computed tomography analysis, and scanning electron microscopy with element analysis.
Recommendations for clinical evaluation of bioresorbable scaffolds
Many of the potential risks associated with BRS can be anticipated based on non-clinical evaluation. Only devices with satisfactory nonclinical assessment should undergo clinical evaluation. The Task Force suggests evaluation of current and future devices according to a standard plan; an overview is shown in Figure 4 . In general, where recommendations are made with regards to the numbers of patients to be enrolled, at least 50% of these patients should be enrolled in Europe.
Initial human feasibility studies with BRS should be small-sized (N = 50-150), performed in selected patients, and including Intravascular ultrasound and/or optical coherence tomography imaging in addition to angiographic and clinical follow-up (see Figure 4) . These studies should support the claim of efficacy and safety but also provide detailed information regarding vessel-device interactions and bioresorption process. In this regard, angiography and intracoronary imaging protocols should include assessment at baseline, at 6-12 months after device implantation, and at the time of claimed complete resorption (if longer than 12 months). Imaging can be performed at various time points in different populations in order to reduce the burden of serial invasive imaging assessment. These initial human studies may be planned as single arm, prospective, observational studies. In addition, it may be reasonable to compare the performance of investigational BRS against angiographic and clinical benchmarks derived from trials of conventional DES-using objective performance criteria in a manner similar to that detailed in the earlier report of the Task Force on coronary stents. 1 Such comparison may identify devices not suitable for further investigation in larger trials. Imaging surveillance protocols with non-invasive modalities such as computer tomography may be appropriate as supplementary evaluation in certain circumstances. Subsequently a medium-sized, randomized trial (N = 200-500) should be undertaken, powered for the detection of differences in surrogate end points in comparison with comparator devices. This should be based on angiographic surveillance at 6-12 months followup and include intracoronary imaging in a subgroup of patients (N = 50-100) to compare arterial healing properties. Comparator devices should be contemporary metallic DES. It is not sufficient to compare the investigational BRS against another BRS technology at this point in time, as the performance of conventional DES makes these devices the most appropriate comparator. Surveillance angiography and intracoronary imaging during later time points (2-5 years) may evaluate delayed late loss and changes in response to the complete resorption of the BRS.
As a minimum requirement, both of these steps should be completed with satisfactory results, before any new BRS is approved and granted a CE mark. As part of this process, the manufacturer must submit and have approved by the notified body a plan for postmarket clinical follow-up; in the case of BRS this plan should include the conduct of a large-scale, randomized trial, in order to assess longterm clinical efficacy and safety. Most commonly this will involve comparative efficacy testing against a benchmark DES in a trial powered for a device-or patient-specific outcome (usually requiring a sample of 1500-2500 patients) (see Figure 4) . Data collection and analysis from a large-scale clinical registry including patients with broader inclusion criteria and long-term follow-up may also be requested (see Figure 4 ). An alternative concept would be conditional approval, with continuing market access being dependent on the conduct and satisfactory completion and reporting of a large-scale trial, but we recognize that this mechanism is not included in the new European Union Medical Device Regulation.
For the large-scale clinical trial, a non-inferiority design for the assessment of outcomes within 1 year would be acceptable, but sequential designs combining non-inferiority at 1 year followed by superiority during longer term follow-up (3-5 years) are recommended in order to evaluate the long-term effects of BRS. A deviceoriented composite end point-typically TLF-combines safety and efficacy and is commonly used in device-vs.-device comparisons of DES. Primary end point assessment should be performed at 9-12 months. Thereafter yearly follow-up out to 5 years is recommended in order to detect any late adverse event. A later time point of primary end point assessment at 2, 3, or 5 years may also be considered particularly in view of the specific bioresorption profile of any given device. The assessment of stent/scaffold thrombosis-according to established definitions for conventional metallic DES 49 should be performed at each time point of assessment.
During the conduct of trials in the post CE mark approval phase, the Task Force recommends that provision be advised for device reimbursement by payers at the price of the equivalent treatment (conventional metallic DES).
Conclusion
Bioresorbable scaffolds represent a novel technology with potential to improve the long-term outcomes of patients undergoing percutaneous coronary intervention. Presently, however, the clinical outcomes of patients treated with conventional DES are good. Accordingly, the benefit of BRS treatment over conventional stenting should be clearly demonstrated before these devices are used in routine clinical practice. Presently, five BRS have CE-mark approval for use in Europe. Only one device-the Absorb bioresorbable vascular scaffold-has published randomized clinical trial data and these data show inferior outcomes to conventional DES. For this reason, at present BRS should not be preferred to conventional DES in clinical practice. New BRS devices should undergo systematic non-clinical testing prior to evaluation in clinical studies. A clinical evaluation plan should include data from a medium-sized, randomized trial against DES powered for a surrogate end point of clinical efficacy. Manufacturers of successful devices receive CE-mark approval for
use and must have an approved plan for a large-scale clinical trial with planned long-term follow-up.
